ABSTRACT Healthconditions were evaluated in 80electrical workers exposed for many years to polychlorinated biphenyl (PCB) mixtures with a 42% mean chlorine content, who had blood PCB concentrations from 41 to 1319 pg/kg. The clinical study was based on personal history data, physical examination, and laboratory tests (red cell and leukocyte count; determination of haemoglobin, packed cell volume, bilirubin, serum protein electrophoretic fractions, pseudocholinesterase, AST, ALT, GGT, and OCT). Fifteen workers were found to have skin diseases-chloracne (4), folliculitis (4), oil dermatitis (1), juvenile acne (1), and dermatitis due to irritative or allergic agents (5). Sixteen workers showed more or less pronounced hepatic involvement, consisting most often of hepatomegaly with an increase in serum GGT, AST, ALT, and OCT values. In two workers bleeding cavernous haemangiomas were discovered, in one case associated with chronic myelocytic leukaemia. All the workers with chloracne were employed on electric capacitor impregnation with PCBs, and no definite association was found between chloracne and blood PCB concentrations. Conversely, a significant positive association was found between the abnormal liver findings and blood PCB concentrations, particularly trichlorobiphenyl blood concentrations.
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The abnormal hepatic findings observed are similar to those reported in experimental animals given PCBs, and in some workers such findings should probably be considered as clinical signs of hepatic microsomal enzyme induction.
The toxicity of polychlorinated biphenyls (PCBs) has been studied in several animal species: high oral doses of PCBs induce liver damage in non-human primates and in rodents.1-4 In monkeys, depending on dose and mode of administration, acne, alopaecia, hyperpigmentation of the skin, thymic atrophy, ocular lesions, and subcutaneous oedema have been also observed. 5 Several abnormal findings affecting mainly the skin and liver were detected in the workers.
Skin lesions
In the 80 workers studied 10 cases of acne and folliculitis and five cases of dermatitis due to primary irritative or allergic sensitising agents were detected. Table I summarises the clinical features of the cases of chloracne and folliculitis. The first three cases showed the simultaneous presence of active skin lesions (comedones, suppurative folliculitis, and superficial cysts) and repair processes (vermicular scars), while there were no active skin lesions in the fourth case. Cases 5 and 6 were not diagnosed with certainty because the morphology of the skin damage was not very typical for chloracne, neither were the regions affected entirely typical, the most characteristic areas-that is, the malar region, ear, and other parts of the face-being spared.
In the other cases reported in table 1 the key to the diagnosis was the clinical history and the morphology of the lesions.
The workers affected with chloracne were all working in plant A, where they had been employed for many years on capacitor impregnation with PCBs; after the onset of the disease they continued working in the same department of the plant but were less often employed on capacitor impregnation. At the time of the study their blood PCB concentrations were rather high (mean blood PCB concentration= 450 jig/kg, range 310-495 ,ug/kg), but did not differ significantly from the concentrations of the other five unaffected workers employed on the same job.
ABNORMAL LIVER FINDINGS
Sixteen workers were observed with more or less pronounced hepatic involvement, as deduced from (table 2) .
At examination all but two asymptomatic workers showed various degrees of hepatomegaly, in several cases the liver was unusually firm on palpation and in one case facial spider angiomas were present.
The most frequently altered laboratory test results were serum GGT activity (8 cases) , transaminases (7), and OCT (6) . Blood count, bilirubin, alkaline phosphatase activity, serum electrophoretic fractions, and urine analysis were within the normal range in all workers. None of these workers was suffering from chloracne at the time of the study nor had they been affected in the past.
Affections possibly related to the currently observed liver findings were found in the histories of three workers. Case 17 had suffered six years previously from acute ischaemic heart disease followed by aortocoronary bypass implantation and serum infectious hepatitis. Case 18 had suffered from cholelithiasis in the past, but at the time of the study he Maroni, Colombi, Arbosti, Cantoni, and Foa'
had not had any symptoms for several months.
Lastly, case 25 had had a transitory drug-related icterus about ten years previously after treatment for pulmonary tuberculosis: he quickly recovered from the icterus and had been well ever since. Evaluating the jobs of the workers with liver complaints in plant A, four workers were employed on capacitor impregnation, two on low-power capacitor assembling and machine servicing, and one on high-power capacitor welding; in plant B all the workers were employed on capacitor testing. In table 3 the mean age, length of exposure to PCBs, and blood PCB concentrations are reported for the workers with and without hepatic involvement. Statistical analysis indicated a significant difference for blood PCB concentrations, but no significant difference was found for age and duration of exposure. Figures 1, 2, and 3 show the frequencies of workers with liver involvement for increasing blood PCB concentrations. Statistical analysis (X2 trend19) indicated the presence of a significant positive association between prevalence of liver involvement and blood chlorobiphenyl concentrations. OTHER 
DISORDERS
In addition to the dermatological and hepatic abnormalities, two cases of bleeding haemangioma and one case of leukaemia were observed.
The first case of haemangioma occurred in the only worker employed in plant A on high-power capacitor welding, who also showed a mild asymptomatic hepatomegaly (case 16 in table  2 ). This worker had had from birth a skin haemangioma of 3-4 cm diameter on the forehead; it had not troubled him in the past but after a few months' working at the present job, it had begun to expand and bleed and surgical excision was necessary.
The second case of haemangioma occurred in the worker who also had leukaemia. This man had been employed in the high-power capacitor department of plant A since the age of 30 and for 16 years after had always been well. Six months before the beginning of the present study, he complained of bleeding from the tongue and was admitted to hospital. A cavernous haemangioma of the tongue was found and surgically treated. Laboratory tests performed in hospital showed a chronic myelocytic leukaemia, since when the patient has been undergoing treatment.
Discussion
The workers studied here had been exposed to PCBs for a long time, and had blood PCB concentrations from 41 to 1319 ,ig/kg (see table 3 group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from the liver (tables 1 and 2).
As regards the skin, some cases of chloracne observed were attributable to PCB exposure. This disease was diagnosed and distinguished from simple folliculitis by the pathognomonic morphology of the skin lesions and from the "spontaneous" acne due to the atypically affected regions (arms, legs, abdomen, scrotum, etc). In two cases the distinction was not certain because of the concomitant presence of typical and atypical diagnostic features of chloracne. All the four cases of chloracne observed had developed several years ago in workers with long service, and in three cases, despite the decrease in intensity of exposure, still active skin lesions were found indicating the progressing nature of this disease. The mechanism by which chloroarylhydrocarbons induce chloracne is not known: it was suggested that the sebaceous gland damage might be due to the local contact of these substances,20 but accordingto Puccinelli2' the skin lesions' PCB is transported by the blood to the site of lesion after both gastrointestinal and cutaneous absorption. Congenital predisposition has been considered important in the pathogenesis of acne, and a tendency to seborrhoea probably also favours the onset of chloroacne.
Conventional liver function tests and clinical investigation gave abnormal results in 16 workers. The findings were mainly hepatomegaly of various extent and dysfunction indicated by increase in serum enzymatic activities but only in a few cases was a well-defined mild liver failure (presence of symptoms, hepatomegaly, and abnormal laboratory findings) present.
As suggested by the data reported in table 3 and in figs 1,2, and 3 the liver involvement seems to be connected with the internal dose (body burden) of PCBs. Testing the frequency of hepatic involvement against blood PCB concentration, a significant trend (p < 0-001) was clearly observed for blood trichlorobiphenyls, but not for pentachlorobiphenyls (0 01 < p < 0 05). As the blood concentration of trichlorobiphenyls may reflect the current PCB exposure level more closely than that of pentachlorobiphenyls, the correlation between liver involvement and occupational PCB exposure seems to be more likely.
Some abnormal results in liver function tests (since the mean of each test for the whole group was within normal limits) were found by Ouw et a122 in 34 workers with a mean blood Aroclor 1242 concentration of 400 jug/kg (range from trace to 4510,ug/kg).
In that study no association was observed between BSP retention values and blood Aroclor concentrations or duration of exposure. Also, no signs of toxicity were evident in 11 Finnish workers exposed to Aroclor 1242, whose blood PCB concentrations were from 75 to 1900 ,sg/kg.23 In our study the number of workers and the limited liver screening methods did not allow a precise dose-response relationship to be set between internal PCB dose and liver functions. Nevertheless, if the tentative biological limit of 200 ,ug/kg of PCBs in blood suggested by Ouw et a122 is applied to our results, 20% of the cases with abnormal hepatic findings had lower blood PCB concentrations: this could mean that the efficacy of this limit needs to be further evaluated.
The carcinogenicity of PCBs has been tested in several animal species and in the opinion of the IARC24 there is experimental evidence for carcinogenic effects of some PCBs in rodents. In man evidence suggestive of a relation between exposure to PCBs and the development of malignant melanoma was recently reported.25 26 Moreover, in a study of 73 Finnish necropsies, the highest concentrations of PCBs were found in the liver and adipose tissue of three people who had died of cancer (lung, liver cancer, and leukaemia).27 Among our workers two fast-developing cavernous haemangiomas and one myelocytic chronic leukaemia were discovered: these observations have induced us to plan a retrospective epidemiological study on cancer incidence among these workers.
